Aerojet-General Corp., Chemical & Biological Division, under contract to Department of the Army, Rapid Warning Office, Fort Detrick, Frederick, Md., developed a number of immunofluorescence systems for the specific detection of biological agents in air samples. Certain techniques developed during that time appeared applicable to the automation of current, manually conducted immunofluorescent diagnostic tests.
A survey of such tests was made which led to the selection of a first candidate test for automation. Factors considered in the survey included costs associated with the tests, levels of skill required to conduct the tests, total number of tests conducted, and the need or desirability to increase the number of tests that could be performed.
The fluorescent treponemal antibody-absorption (FTA-ABS) test (2) INSTRUMENT The automated instrumentation, known as the SeroMatic System, is comprised of two major items: a processor ( Fig. 1 ) and a microscope attachment ( Fig. 2) .
The processor is an electro-pneumatically controlled laboratory test instrument which automates the performance of the FTA-ABS test on as many as 200 test specimens per day (7.5 hr of continuous processor operation).
Specimens are processed sequentially, the first specimen being fully processed and ready for microscope examination 85 min, 45 sec after processor startup. Subsequent specimens are fully processed at intervals of 1 min, 45 sec thereafter. Figure 3 shows the process sequence, and Fig. 4 and 5 are internal views of the processor.
The processor is provided with two reservoirs for containing the wash fluids used during specimen processing and with a set of 20 reusable 10-cavity serum-sorbent applicator blocks.
Processor specification. At 3.5 min after a slide has been inserted into a slide holder, it becomes positioned under the serum-sorbent applicator (station no. 3) where the serum-sorbent mixture is forced from a cavity of a serum-sorbent block onto the antigen spot on the slide. This station is provided with a slide-sensing interlock to maintain synchronization of serum specimens with slides.
The slide is then indexed through the first incubator. The first incubator is 17 stations in length; therefore, the slide will remain in the incubator 29 min, 45 sec, during which time the antigen-serum reaction takes place. Incubator temperature is maintained at 37 C.
The first incubation is terminated by indexing the slide out of the incubator and under the PBS wash nozzle. This nozzle applies PBS, pH 7.2, onto the slide for a period of 10 sec. Upon termination of the wash, a portion of the PBS wash fluid remains on the slide and in contact with the serum-reacted antigen spot. During the remainder of the time which the slide remains at this station, as well as during the time it spends at the next three stations (approximately 7 min total), PBS soak occurs.
When the table is next indexed (this now being 42 min from the time the slide was inserted into its holder), the slide is brought to station no. 25 where the slide is deflected downward and rinsed with distilled water for a period of 30 sec to remove the PBS and the particulate matter not related to the antigen-serum reaction. Upon termination of the distilled water wash, the air dry nozzle (also located at this station) is activated for 20 sec to remove all distilled water from the top surface of the slide cover glass.
Next, the table is indexed to the conjugate applicator station where a 0.1-ml drop of conjugate is applied to the antigen spot on the slide cover glass.
The slide advances through the second incubator, remaining in the incubator for a period of 29 min, 45 sec. Incubator temperature is maintained at 37 C. The process sequence is terminated (85 min, 45 sec after the slide was inserted into a slide holder), and the slide is ready for examination with a fluorescence microscope assembly.
Processor control. All time-related operations are controlled by a rotating cam timer which is attached to the underside of the instrument deck and accessible through a hinged panel on the front face of the instrument.
The cam timer is driven by a 1 rev/min synchronous motor and is appropriately geared to rotate one full revolution every 1 min, 45 sec.
A total of 14 cams are attached to the timer shaft. Eleven of these cams are operational, the remaining three are spares. As the shaft rotates, each cam either opens or closes an associated electrical switch or pneumatic valve at a preset time and for a preset duration. These switches and valves, in turn, control the various mechanical functions of the processor.
Certain functions of the process occur during each revolution of the timer cycle, such as The timer is of a design that permits rapid and simple alteration of the timer cycle program, where desired. This includes changing the point in time, during a timer cycle, that a function occurs and, in the case of the three washes, the duration of the washes.
Microscope attachment. The microscope attachment, when installed onto a dark-field fluorescence microscope, permits REDI-FIX antigen slides to be visually examined at a rate consistent with the maximal daily capacity of the processor by minimizing the handling of slides and minimizing the necessary manipulation of microscope controls by the operation. The attachment accepts a processor unloader magazine containing the processed slides. The slides are accurately positioned under the objective lens of the microscope by the operator. The design of the attachment is such that the antigen spot on the slide is in sufficient focus to require only very slight adjustment of the microscope fine focus control to obtain a sharp field image.
A glycerol feed assembly is provided with the attachment (see Fig. 7 ). When a slide has been positioned under the objective, the operator depresses and releases the plunger of this assembly to glycerol-couple the slide cover glass to the darkfield condenser.
After examining a slide, the operator positions the next slide under the objective, thereby pushing the previous slide clear.
The unique feature of this method is that the REDI-FIX slides are placed in the attachment in an inverted position; that is, the reacted antigen spot is on the lower side of the slide. By handling slides in this manner, the need for installing a cover glass over the specimen (as with conventional slides in fluorescence microscopy) is eliminated.
DISCUSSION
The feasibility of utilizing the automated instrumentation in the performance of routine immunofluorescence tests has been demonstrated. This has been accomplished by successfully automating the repetitious, time-consuming, and often tedious steps, including those necessary during slide readout, associated with manually performed tests.
Test results to date give general indication that the FTA-ABS test has been successfully automated. The subject instrument will permit an increase in the total number of tests which can be performed per unit operator time to a point where the test may be used more extensively for screening for syphilis.
Preliminary experiments (Norins et al., to be published) have demonstrated the feasibility of using this instrumentation in the detection of antibodies to malaria parasites, toxoplasma organisms, and nucleoprotein (antinuclear factor). Experimentation continues in an effort to discover additional immunofluorescence tests which can be similarly automated.
It is felt that the inherent functional flexibility of this instrument may be a further measure of its value, providing investigators with a fertile tool in the field of developmental research.
